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ABSTRACT 
This report presents aerodynamic data obtained from a joint Langley Research Center 
(LaRC)/Marshall Space Flight Center (MSFC) Space Shuttle abort stage separation wind tunnel 
test. The .00556 scale models of the McDonnell-Douglas orbiter and booster configurations 
were tested in close proximity using dual balances in Tunnel A of the Von Karmaa Facility 
(VKF), Arnold Engineering Development Center (AEDC) during the time period of April 21 to 
April 27, 1971. Data were obtained for both booster and orbiter over an angle of attack range 
from -10o to 100 for zero degree sideslip angle. The models were tested at several relative 
incidence angles and separation distances and power conditions. Plug nozzles utilizing air 
were used to simulate booster and orbiter plumes at various altitudes along a nominal ascent 
trajectory. Powered conditions were 100, 50, 25 and 0 percent of full power for the orbiter and 
100, 50 and 0 percent of full power for the booster. Pitch control effectiveness data were 
obtained for both booster and orbiter with power on and off. In addition, launch vehicle data 
with and without booster power were obtained utilizing a single balance in the booster model. 
Data were also obtained with the booster canard off In close proximity and for the launch con­
figuration. 
Plotted data for this test will be published under one data report number (DMS­
DR-1108) with seven volumes as described below: 
Volume Description 
I Mach Number 5 Booster Proximity Data 
H Mach Number 5 Orbiter Proximity Data 
III Mach Number 3 Booster Proximity Data 
IV Mach Number 3 Orbiter Proximity Data 
V Mach Number 2 Booster Proximity Data 
VI Mach Number 2 Orbiter Proximity Data 
VII Interference Free Data-for Orbiter and Booster, aunch Vehicle 
Data, and roximity Data for Mach Numbers 4 and 6 
A report containingShlierenphotographs will be published by AEDC. Schlieren 
photographs were taken at -10, 0, and 10 degrees angles of attack for each pitch 
polar. 
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This report presents aerodynamic data o)tained from a joint Langley Research Center 
(IaRC)/Marshall Space Flight Center (MSFC) kpace Shuttle abort stage separation wind tunnel 
test. The . 00556 scale models of the McDonue l-Douglas orbiter and booster configurations 
were tested in close proximity using dual balances in Tunnel A of the Von Karman Facility 
(VKF), Arnold Engineering Development Center (AEDC) during the time period of April 21 to 
April 27, 1971. Data were obtained for both booster and orbiter over an angle of attack range 
from -100 to 100 for zero degree sideslip angle. The models were tested at several relative 
incidence angles and separation distances and power conditions. Plug nozzles utilizing air 
were used to simulate booster and orbiter plumes at various altitudes along a nominal ascent 
trajectory. Powered conditions were 100, 50, 25 and 0 percent of full power for the orbiter and 
100, 50 and 0 percent of full power for the booster. Pitch control effectiveness data were 
obtained for both booster and orbiter with power on and off. In addition, launch vehicle data 
with and without booster power were obtained utilizing a single balance in the booster model. 
Data were also obtained with the booster canard off in close proximity and for the launch con­
figuration. 
Plotted data for this test will be published under one data report number (DMS­
DR-1108) with seven volumes as described below: 
Volume Description 
I Mach Number 5 Booster Proximity Data 
H Mach Number 5 Orbiter Proximity Data 
III Mach Number 3 Booster Proximity Data 
IV Mach Number 3 Orbiter Proximity Data 
V Mach Number 2 Booster Proximity Data 
VI Mach Number 2 Orbiter Proximity Data 
VII Interference Free Data for Orbiter and Booster, Launch Vehicle 
Data, and Proximity Data for Mach Numbers 4 and 6. 
A report containingSchlierenphotographs will be publishcd by AEDC. Schlieren 
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The two configurations tested were the MDAC. orbiter and booster, 
figures 4 and 5 respectively. The orbiter is basically the configuration illus­
trated on MDAC drawing number 255BJ0050. Modifications made on the 
orbiter to allow for installation of the nozzle assembly is shown in figure 4. 
The booster configuration is basically the configuration designated 19A 
by MDAC (drawing number 256-19-0001). The body, wing, and canard of the 
booster model are that of configuration 19A except that the body does not 
have a base flare or boattail, figure 5. The vertical tails are those which 
were designed for the configuration designated 17 (drawing number 256-17-001). 
Both the orbiter and booster moddls had moveable elevons with deflection 
angles of 00, +100, and +200. Geometric characteristics are shown on the 
following pages. Figures 4, 5., and 6 are photographs showing both models 
and models with associated separation hardware. Figures 5 and 6 also show 
the trip strip installation. For Mach 5 a grit size of #26 was utilized, However, 
at the beginning of the test a grit sizing study was performed which showed a 




Two plug nozzle systems were designed and fabricated to simulate the 
rocket exhaust plume emitting from the booster and orbiter main propulsioh 
systems during staging. Each nozzle was designed based on the gasdynamic 
simulation parameters establishbd- in Ref. i. A variable area ratio capability 
was incorporated into both nozzle systems to permit the proper gasdynamic 
simulation of the full s-cale rocket exhaust plume at the various trajectory 
conditions of interest. Photographs of the nozzle hardware are shown in 
I. 
figures 6,. 7 and 8. 
-Nozzle Calibration Test Objectives 
The objectives of the nozzle calibration test were: 
o 	 Establish, experimentally, nozzle performance characteristics
 
for the range of area ratio settings -to be used with the booster
 
and orbiter nozzles, respectively.
 
o 	 Establish the degree of plume simulation obtained with the booster 
and orbiter nozzles, respectively. 
o 	 Establish a curve (based on experimental results) of nozzle exit 
conditions as a function of nozzle area ratio setting. 
Nozzle Calibration 
Calibration testing of the booster and orbiter plug nozzles was accom­
plished in Tunnel C of the Arnold Engineering Development Center's Von Karmon 
Gas Dynamics Facility. The nozzles were tested individually at a series of area 
ritio settings. Nozzle operating conditions (chamber pressure, Pj; and chamber 
6 
temperature, Toj) were maintained in a range compatible with the abort staging 
test conditions. A quiescent low pressure, Pb, condition was maintained in the 
test cell. Data recorded at each area ratio setting included: optical data to 
determine plume shapes; static pressure measurements on the sting surface at 
the nozzle exit; nozzle mass flow measurements; and pitot pressure surveys in 
the plume at several locations downstream of the nozzle exit plane. The various 
test pa'rameters sampled at each setting were correlated during the data evalu­
ation to establish actual nozzle performance characteristics. 
In a-parallel effort, analytical solutions of the nozzle flow field and asso­
ciated plume were generated for various area ratio settings of the booster and 
-orbiter models. A method of characteristics solution employing real gas thetrmo­
dynamic data for air was utilized in the calculations. Analytical results for each 
area ratio setting included: plume shape; static pressure distribution along sting 
surface; and plots of constant Mach number and constant pitot pressure contours 
in the plume flow field. These results formed a baseline for evaluating the ex­
perimentally measured performance of the plug nozzles. 
A detailed evaluation of the calibration test results has been prepared and 
presented in Reference 2. Included in this reference are curves relating 
experimentally measured nozzle perforrnahce to nozzle area ratio settings 
for both booster and orbiter. These curves were utilized to set the correct 
nozzle area ratio for exhaust plume gasdynamic siniulations during the test. 
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was released to advance to the next matrix point and as the point was reached 
the angle of attack mechanism was released for a pitch sweep. The entire 
matrix was covered in this manner and about 30 seconds were required for 
each pitch sweep in the matrix. 
Plume simulation was provided by a single torodial nozzle in each model. 
The nozzles were designed with variable area ratio capability to permit proper 
simulation of the full-scale rocket plume at the various trajectory conditions 
of interest. Pretest calibration of the nozzles was used to correlate area ratio 
settings with measured plume shapes, nozzle mass flow, and nozzle exit static 
pressure. Air heated to approximately 100°F was supplied to the nozzles, and 
separate controls for the booster and orbiter supplies were provided. 
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TEST FACILITY DESCRIPTION' 
Tunnel A is a-continuous, closed-circuit, variable density wind tunnel. 
with an automatically driven flexible-plate-type nozzle and a 40- by 40-inch 
test section. The tunnel can be operated at Mach numbers from 1. 5 to 6 at 
maximum stagnation pressures from 29 to 200 psia, respectively, and stag­
nation temperatures up to 750'R (Ma = 6). Minimum operating pressures 
range from about one-tenth to one-twentieth of the maximum at each Mach 
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In'the continuous pitch mode of data acquisition the wind tunnel 
parameters and model nozzle pressures were recorded at the beginning 
of each pitch sweep. The outputs of both balanices and the angle of attack 
were scanned continuously at a rate of 67 times eachsecond. Forty scans. 
of these inputs were averaged to compute each data point, and when cor­
bined with the pitch rate of approximately 1-degree per second, a data 
point was computed every 0. 6 degree. Linear interpolations were made 
between-data points to obtain the data for even increments of booster 
angle of attack, and the data were tabulated in 1-degree increments of 
booster angle of attack from -10 to +10 degrees. 
Schlieren photographs were automatically taken at pre-selected 
angles of attack during each pitch sweep. For these tests a photograph 
was taken near maximum, zero, and minimum angles of attack.. Opening 
the camera shutter provided a photograph indicator record on the data 
tape which was used by- the computer to calculate the booster.angle of. 
attack at which the photograph was taken. The camera shutter speed Pom­
bined with the model pitching rate yielded in uncertainty in the tabulated 
photograph angle of attack of approximately +0. 2 degree. -A report con­
tiining a summary of all schlieren photographs will be'published by AEDC. 
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The measured force and momen.t data for both models were corrected 
for balance tares and reduced about the respective moment reference points 
and the body axis system. ' The dimensional data'used to re'duce the orbiter 
measured data to coefficieht form are listed and'defined 'below:, 
Sref = Orbiter wing planform area = 23. 689 in. Z (0. 164 ft?) 
Ire f - = Orbiter wing mean aerodynamic chord = 4. 193 in. 
b = Orbiter wing equivalent span = 6. 5 in. (0. 542 ft) 
The moment reference point (MRP) for the orbiter data is 4. 917 inches 
aft of the nose, on the lateral'center line, and 1. 390 inches. below the top 
fuselage surface. The dimensional data used to reduce the booster measured 
data to coefficient form are listed below: 
Sre f = 44. 444 in. = model reference area based on a full scale 
reference area of 10, 000 ft 2 (see Data Report.
'." DMS-DR-1054, page 6) 
Ire f = b ='13.333 in. = model reference length based on a full 
scale reference length and span of 200 ft (see 
Data Report DMS-DR-1054, page 6), 
The moment reference point applicable to the booster data is 7. 528 ,inches 
aft of the model nose, on the booster lateral center line, and 1. 194 inches above 
the bottom fuselage surface. 
The 6X and LZ distances were referenced to the moment reference points 
of the orbiter and booster and the booster body axis system. For example, the 
AX distance is parallel to the longitudinal axis of the booster and between the 
moment reference points on the orbiter and booster. The AZ is perpendicular 
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to the longitudinal axis of the booster and that distance between the moment 
reference points on the orbiter and booster, Values for AX and AZ are posi­
tive when the orbiter moment reference point (MRP) is forward and above the 
booster MRP. Both AX and AZ were normalized using the booster fuselage 
length of 16. 184 inches. 
The reference lengths used to reduce the orbiter data, booster data and
 
normalize the AX and AZ data were different; these different values
 
are listed and discussed above. The large negative values of pitching moment
 
coefficient-for the orbiter at a -0.391 value of AX/lB and booster power
 
on condition were apparent because the orbiter was in the plume of the boqster.
 
For each dual balance test run the orbiter and booster data were separated 
and assembled into data sets utilizing 4Z/lB (SADSAC parameter name 
DELTAZ) as the first independent variable (IDPVAR(I)) and booster angle of 
attack as the second independent variable (IDPVAR(2)) (see collation sheets), 
Test data applicable to a AZ/I B value of 10.0 are interference free data. 
DATA NOMINALIZING 
Varying balance and sting deflections which were caused by variations in 
model attitude and test coiditions prevented the :data from being obtained at 
constant values of <j and 6z/1B The differences between the nominal values 
and the values obtained during a test run were acceptable at the higher Mach 




became appreciable at the lower Mach numbers. At the lower Mach numbers 
(Mach numbers of ? and 3) pitch-plane coefficients (CN, CLM, and CA) for 
the booster and orbiter models were cross-plotted versuso(, at each booster 
angle of attack and test condition to adjust the coefficients to nominalol I values. 
These values were then cross-plotted versus 4z/IB to adjust the coefficients 
to nominal Zz/I B values. This noninalizing was accomplished with a digital 
computer data fairing routine which used third degree polynominals determined 
by the coordinates and the slope at adjacent data points. 
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SUMMARY DATA PLOT INDEX 
TITLE 
AEDC VA 1163 MDAC Booster and 















1 - 264 
PLOTTED COEFFICIENTS SCHEDULE: 







1. Positive directions of force coefficients
 




2. For clarity, origins of wind and stability
 












Figit:re 1. Axis systems, showing direction and sense of force and 
moment coefficients, angle of attack, and sideslip angle 
NASA-MS C-MA 
Fig. 2 - Separation Nomenclature and Moment Reference Point 
4OINCH SUPERSONIC TUNNEL A
 
-
-'.,':' : ": , . ,,Scale - 15 ...i.L 
Fvt C.R. Nom. C.R. Aft C.R. Tunnel Wall 
Max. Fd Pt. SeJ2 t-47 Roll Hub.Sa.4. 
Sta. 73,22 ..-0 
Tunnel Wall 
Pin A High Temperature Windows 
FIgure 3'- General arrangement models In tunnel. Low Temperature Windows. 
--
-FuselageCross-
-eSection 0 ontantFrom Station 1500 






Fig. 4 - Mbdifications to Orbiter Model 
3.235 






-p--Config.19A Body •Tail 
Cnfig. 19A Nose \Except for Indicated / 
SModilications ., _ 
2.Z96S 
Config. 19A Canard Fuselage 
16I Modification 
16.184/it o e d 




Jon~ JZZL ~ ...........................










U ieww Models atid.Asndctted Separation Hairdwarewntw~aop 
MODEL COMPONENT: BODY - wnAn Orbiter 
GENERAL DESCRIPTION: batoe fusela e *tours i±oluiig canopy with modified 
aft fuselage oross sections; orosu-seotional shape onstant frm sation 10 
to end of fuselage - model scale I180. 
DRAWING NUMBER: 255 BJ 00060, Rev. 3 
DIMENSIONS: FULL-SCALE MODEL SCALE 
Length 156.4 .869 
Max. Width 27.1 .150 












MODEL COMPONENT: Wins - flC Arbiter
 
GENERAL DESCRIPTION: odel Scale 1480
 
DRAWING NUMBER: 255 3T 00050, Rev. 3 









Diehedral Angle, degrees 
Incidence Angle, degrees 














Sweep Back Angles, degrees 
Leading Edge
Trailing Edge 
0.25 Element Line 
Chords: 











Fus. Sta. of .25 MAC 


















Fus. Sta. of .25 MAC 









MODEL COMPONENT: MLevon KW Obiter
 
GENERAL DESCRIPTION: aoel Soale 1/180
 
DRAWING NUMBER: 25533 00050, Rev. B 
DIMENSIONS: FULL-SCALE MODEL SCALE 
Area, ft2 
Span (equivalent))i e s 
Inb'd equivalent chord) iNc/e-S 
Outb'd equivalent chordteiches 










At Inb'd equiv. chord 
At Outb'd equiv. chord 














MODEL COMPONENT: Vertioal Tail - IDAC Orbiter 
GENERAL DESCRIPTION: Model soa6e 1/180 










































Fus. Sta. of .25 MAC
 





















Fus. Sta. of .25 MAC 
-
























































MODEL COMPONENT: BODY - mfnn nt 
GENERAL DESCRIPTION: 	 Configuration 19A fumelage without base flare ani boattail1 
Model Scale 1/180 
DRAWING NUMBER: 	 256-19-o01, 30,. A 
DIMENSIONS: 	 FULL-SCALE MODEL SCALE 
Length (t) 241.7 1.343 
Max. Width (rt) 1h.o .159 















_ w_ BoosterinO -
GENERAL DESCRIPTION: S y ton 19A Win 






















Diehedral Angle, degrees 7.67-_ ­ 7,7"_'_
Incidence Angle, degrees 30
Aerodynamic Twist, degrees ,0
 
.. 0 ......o 







0.25 Element Line " 
Chords:

Root (Wing Sta. 0.0), inhobe 690.0 3.333
Tip, (equivalent) jU3M= 1..661MAC, inches 02.80
 
Fus. Sta. of .25 MAC, Lohe,6;0
W.P. of .25 MAC , inoans 
..... 
L.L. of .25 MAC, inoes 380 2.111 















Root, ince 594.0 ,.. 300Tip, 'nabs 1._667MAC
 
Fus. Sta. of .25 MAC 
.....
 
W.P. of .25 MAC 
0 92 0 
MODEL COMPONENT: Vertical Tails - )DAD Booster 
GENERAL DESCRIPTION: Configuration 17 Vertical Tails 
Model Scale 1/1B0 








Planform 433)et" .014 
ids Projection). 






_Taper Ratio._ __ . 
Toe-In Angle 
Cant Angle 
Sweep Back Angles, degrees 
Leading Edge 
Trailing Edge 







Tip, (equivalent), inohs 
MAC, inches 
Fus. Sta. of .25 MAC 



























Fus. Sta. of .25 MAC 
W.P. of .25 MAC i , 
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MODEL COMPONENT: Elevmo - )DAC Booster 
GENERAL DESCRIPTION: ,OoatfigUr&t±*n 19 Elenvo 
Model Soae '/Ao 





Inb'd equivalent chord 

Outb'd equivalent chord 
Ratio Elevator chord/horizontal 
tall chord
 
At Inbld equiv. chcrd 

At Outb'd equlv. chord 









Area Moment (Normal to hinge line), Ft3 
A 
FULL-SCALE MODEL SCALE 
61*'ft2 .0191 ft Z 
650 in. 3.611 in. 
180 in. .9999 in. 









MOL CMOM : Canard - XC Boostce 
GENERAL SSCRflPflO~a Configuration 19A Canard 
Model Soale 1/A80i 
WAWI G NUMUJ: 2S6-19-o01 Rev. A 
DIMENSIONS: JVLL-SCALE XOEL SCALE 
pt 2Theo. Area, 1660 .051 
Erp ATea, pt2 1215 .038 
Aapeot Ratio3.30 
Chord (Thol. flap), Pt238
 







SMBOL SMOOL D DNr=I 
a ALPHA angle of attack, angle between the projection 
of the wind X.-axs on the body X, Z-plane and 
the body X-axia; degrees 
EMlA sideslip angle, angle between the wind Xw-xds 
and the projection of this axis on the body 
X-Z-plane; degrees 
PSI yaw angle, angle of rotation about the body 
Z-axis, positive when the positive X-axis is 
rotated toward the positive y-axis; degrees 
PSI roll angle, angle of rotation about the body 
X-axis, positive when the positive Y-axis is 
rotated toward the positive Z-axis; degrees 
P air density; K./m3 , slugs/ft3 
a speed of sound; m/sec, ft/sec 
V bpeed of vehicle relative to surrounding 
atmoaphere; m/sec, ft/eec 
q QPMI dynamic pressure; l/2Pt2, psi, pat 
M MACH Mach number; V/a 
RN/L RN/L Reynolds number per unit length; mllion/ft 
p static pressure; psi 
P total pressure; psi 





Reference & C. 0. Definitions
 
SADSAC 
SYMBOL S7MEOL DErINITIO 
2
wing area; M , ft 2 
S SRE? reference area; m2 , ft 2 
Bwing 	 mean aerodynamic chord or reference 
4chord; m, ft, in (see f or zAu) 
ef 1W reference length; m, ft, in.; (see L) 
bref W"E wing span or reference span; m, ft, in 
Ab base area; m2, f2, in 2 
C. g. 	 center of gravity
 
MRP 	 NfP abbreviation for moment reference point 
MIRP 	 abbreviation for mmant reference point 
on X-axls 
WP 	 abbreviation for moment reference point 
on Y-axis 





Axis System General 
SYMlOL D]FIMTICU 
F force; F, lbs 
M moment; 1, in-lb 
Subscript Definition 
N normal force 
A axial force 
L lift force 
D drag force 
Y force or moment about the Y axis 
Z moment about the Z axis 
X moment about the X axis 
a stability axis system 
v wind axis system 
ref reference conditions 
free stream conditions 




























Body & Stability Axis System 
SADRAC 
SYMBOL DfInITION 
Body Axis System 
CR normal force coefficient; FN/qS 
CA axial force coefficient; FAqS 
CAB base axial force coefficient; 
[41 [(Pb - P-)!'!] (kb/s) 
CAF forebody axial force coefficient; CA -CAb 
CN yawing moment coefficient; MN/qS bref
 
CBL rolling moment coefficient; My/qS bref 
Comon to Both Axis Systems 
ClM pitching moment coefficient; My/qS 'ref 
CY side force coefficient; Fy/qS 
Stability Axis System 
CL lift force coefficient; FTLqS 
CD drag force coefficient; F>'qS 
CDB base drag coefficient 
forebody drag coefficient; %D- b 
CIN yawing moment coefficient; MZ S/qS bref 
CSL rolling moment coefficient; X, /qs bref 
ift-to-drag ratio; C7 J% 





SEBOL 5BOL DEM=ON 
it HOEIZT horizontal tell incidence; positive when 
trailing edge down; degrees 
6 syuetrical surface deflection angle; degrees; 
positive deflections are: 
AILRCE aileron - total aileron deflection; 
(left aileron - right aileron)/2 











FLAP flap - trailing edge down 
RUDDER rudder - trailing edge to the left 
SPO3R spoiler - trailing edge down 
TAB tab - trailing edge down with respect 
to control surface 
6 antisymetrical surface deflection angle, degrees; 
positive trailing edge down: 
AIL-L left aileron - trailing edge down 
AIL-R right aileron - trailing edge down 
NLVN-L left elevon - trailing edge down 
ELVN-R right elevn - trailing edge down 
SPLR-L left spoiler - trailing edge down 






e elevator or elevon 
f flap 














0( I ALPHAI 
C€O ALPHAO 
PWRB BSTPOW 
PWR O ORBPOW 
5 eB ELVBST 
5eO ELVORB 
DEFINITION 
tail incidence positive when trailing edge 
down, deg 
velocity of vehicle relative to surrounding 
atmosphere; m/sec, ft/sec 
booster angle of attack, angle between the 
projection of the wind Xw-axis on the body X, 
Z-plane and the body X-axis; deg 
sideslip angle, angle between the wind Xw -
axis and the projection of this axis on the 
body X-Z-plane; deg 
ratio of specific heats 
wing dihedral angle; deg 
air density; Kg/rm3 , slugs/ft 3 
incidence angle between the orbiter and booster 
on the XZ plane 
orbiter angle of attack, 0 0 = oeB +0CI 
booster power, percent of full thrust 
orbiter power, percent of full thrust 
booster elevon deflection angle, positive is 
trailing edge down 
orbiter elevon deflection angle, positive is 
trailing edge down 
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AD=flqS AND CHAGES TO Na(c ,x (Oornix ) 
SADS.AC 
SDCMOL SDS0L DEFIITION 
X/I DEZWAX 	 distance between the MRP on the orbiter and 
booster measured parallel to the longitudL­
nal axis of the booster, positive when the 
orbiter MbW is forward of the booster MEP,
the distance has been normalized with respect 
to the booster fuselage length (16.184 inches) 
Z/I DETAZ 	 distance between the MRP on the orbiter and 
booster measured normal to the longitudinal
axis of the booster, positive when the orbiter 
MRP is above the booster MRP, the distance has 
been normalized with respect to the booster
 







1. 	 Sims, Joseph L., "Plume Simulation for Space Shuttle Abort Staging 
Aerodynamic Testing.," Memo S&E-AERO-AF-70-6, December 1970. 
2. 	 Baker, L. R., "Calibration of the Propulsion Simulation Nozzles for 
the Space Shuttle Booster and Orbiter Models for the Abort/Separation 
Staging Experimental Program, " LMSC/HREC D225144, June 1971. 
3. 	 "Test Facilities Handbook" (8th Edition), Arnold Engineering Develop­





A tabulated data listing, consisting of all sero data sets, both original 
and those created In arriving at the plotted material to be presented subse­
quently, is available as an addendum to this report. The tabular listing is 
made up in two sections: 
(a) 	 a brief summary list of all data sets containing the identifier, 
the descriptor, and the resident dependent variables. 
(b) 	 a full list of ell data sets containing all resident or 
selected aerodynamic coefficients of the data sets as vell as 
the above mentioned information. 
The listing is currently sent on limited distribution to the following organ­
izations: 
NASA AMS Mr. V. Stevens 
NASA MSC Mr. Ray Nelson 
AEDC Mr. L. L. Trimmer 
IMSC/MEC Mr. D. A. Love 
NASA LaRC M. J. P. Decker 
NASA IPC Mr. K. L. Blackwell 
If copies of this listing are desired, please contact the above or the cog­
nizant SADSAC personnel who, for this data, is: 
J. L. Glynn 
Department 2T80 
Chrysler Corporation Space Division 
New Orleans, La. 70129 
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